                                                         Genomics Data Warehousing Forum

                                                                                            January 19, 1999

                                                                                                  Sponsored by

                                   Center for Applied Scientific Computing (CASC)

                                               Lawrence Livermore National Laboratory

Meeting Agenda

10:30 Welcome and Forum Overview Terence C ritchlow

                         Collaborating with LLN L in Life Sciences  Informatics  Steve  Ashby

                         Life Science Informatics Overview Ron Musick

                         DataFoundry Overview Terence C ritchlow

11:45 Lunch and Inform al Discussions

1:00 DataFoundry´s  Meta-Data Infrastructure Terence C ritchlow

                         Data A nalysis in Scientific Warehouses Madhavan Ganesh

                         The DataFoundry Architecture Ron Musick

                         Joint Genome Institutes Perspective on Tom Slezak

                                                  Genome Data Warehousing

2:00 Summary Terence C ritchlow

2:15 Adjourn

                                                         Collaborating with LLNL in

                                                                 Life Sciences Informatics

                                                                                                Steven Ashby

                                                                                                                 Director

                                                                   Center for Applied Scientific Computing

                                                                 Lawrence Livermore National Laboratory

                                                                                        LLNL is a multi-programmatic,

                                                                                        multi-disciplinary national security lab

Enabling

Computational

Technologies

CASC

Biological

Sciences

National

Security

 Materials

Science

Lasers

Optics

Environmental

and Energy

Sciences

,QGXVWULDO�3DUWQHUVKLSV

$FDGHPLF�&ROODERUDWLRQV

                                                                                        CASC is the Laboratory´s center for

                                                                                        computer science and mathematics R&D

                                                                                       l

                                                                                               Partner with academia and industry  to research,

                                                                                               develop, and deploy enabling computational

                                                                                               technologies for large-scale scientific simulation

                                                                                       l

                                                                                               Partner with DOE programs to conduct

                                                                                               collaborative scientific investigations

LLNL has a long history of forming

                                                                                                  multi-disciplinary teams to solve challenging

problems of national importance

 CASC expertise is being applied to a variety of

 application areas

Computational

Biomedicine

                                                                   Global Climate

Neutron Transport

Subsurface Flow
and Transport

l
        Data management
l
        Pattern recognition
l
        Scientific visualization
l
        Adaptive mesh refinement
l
        Scalable linear solvers
l
        Radiation & neutron transport

 The Lab has identified bioinformatics  as an

 important technology to pursue

 ^LLNL is heavily involved in biology and biotechnology research.

 Providing the information infrastructure required to support tasks

 in these areas as well as other scientific activity at LLNL is an

 important focus of our research and development.~

-Bruce Tarter

Laboratory Director
l
        Partner in DOE´s Joint Genome Institute
l
        Chromosome 19 sequencing
l
        Protein Structure Prediction Center
l
        and...

 DataFoundry is a data warehouse for

 bioinformatics
l
        Ongoing research

        project
l
        Unique architecture

        and meta -data

        infrastructure
l
        Integration and querying of multiple, dynamic

        scientific data sources

Mediator

Parser A

P

I

Parser

Ontology

DataFoundry

                         Today´s forum will discuss our current status

                                                                and future research plans

 DataFoundry team is multidisciplinary
l
        Computer Science

            U
                      Ron Musick meta -data, data mining

            U
                      Terence Critchlow meta -data, database integration

            U
                      Madhaven Ganesh data mining, dbase integration
l
        Domain expertise

            U
                      Krzysztof Fidelis structural biologist

            U
                      Tom  Slezak  bioinformatics (20+ years)

            U
                      Adam Zemla structural biologist

               We are actively seeking industrial partners to team

                            with us on future research and development

 Several ways to partner with LLNL in a

 response to Life Sciences Informatics RFP
l
        License agreement

                          U
                                   non-exclusive use of LLNL developed technology
l
        CRADA

            U
                      collaborate on a joint research project

            U
                      may negotiate exclusive rights to technology developed

                      by LLNL under CRADA
l
        Joint proposals

            U
                      rights depend on grant

                                                       Life Science Informatics :

                                 An Opportunity for Collaboration

                                                                                         Ron Musick

                                            Terence Critchlow Madhavan Ganesh

                                          Center for Applied Scientific Computing

                                            Krzysztof Fidelis Tom Slezak

                                Biology and Biotechnology Research Program

                                       Lawrence Livermore National Laboratory

   LSI is a University of California

   matching grant program
l
        Program sponsor:

             U
                      Industry-University Cooperative Research program
l
        Task Force:

             U
                      Representatives from 9 UC campuses, 3 National Labs
l
        Program:

             U
                      LSI has $2 million for matching grants in FY99

             U
                      Funding available for up to $4 million starting FY00

             U
                      Grants match $1-$1 private sponsor funding

             U
                      Typical grants: research oriented, 1-2 years, $50,000 to

                      $450,000 LSI funding

                   http:// uc -industry. berkeley . edu /IUCRP-Partnerships/LSI/LSI_RFP. htm

   Goals of the Life Science Informatics program

  l
          Foster outstanding early stage research , with

          emphasis on novel, multidisciplinary approaches

  l
          Support education and the research training

          environment

  l
          Speed technology transfer to California industry

          for the benefit of Californians

  l
          Assess and communicate the economic impact of

          research and education in life science informatics

 Specifics of the grant process
l
        Intellectual property

            U
                      Industrial partner can negotiate an exclusive

                      commercial license to patentable inventions
l
        Proposal issues

            U
                      LSI is looking for large proposals
l
         Dates and deadlines

            U
                      12/23/98 CFP came out

            U
                      2/1/99 Non-binding letter of intent

            U
                      3/5/99 Proposals & binding letters of intent due

            U
                      3/99 Peer review, 4/99 notification

            U
                      6/14/99 Research agreement must be in place

            U
                      6/15/99 Funding to begin

 Examples of research likely to be supported
l
        Linking databases containing disparate

        information
l
        Comparison of plant and human genomes
l
        Linking computational models across scales
l
        Innovative software architectures and analytic

        capabilities for health care computing systems
l
        New technologies to speed research results into

        clinical trials and practice

                                                                                    Very broad -

                                                    But must avoid DiMI , BioSTaR

 Matching funds make the

 LSI program very attractive
l
        LSI matching funds benefits

            U
                      Instant leveraging of research investment

            U
                      CA (24%) & Federal R&D tax credits for investment in

                      academic research

            U
                      Opportunity to negotiate intellectual property rights
l
        Working with DataFoundry

            U
                      Leveraging the research of a multidisciplinary team

            U
                      Access to the DataFoundry technology

            U
                      Access to  LLNL´s  outstanding facilities and research

                                                                                  DataFoundry

                                                                              Terence Critchlow

                                              Ron Musick Madhavan Ganesh

                                            Center for Applied Scientific Computing

                                              Krzysztof Fidelis Tom Slezak

                                  Biology and Biotechnology Research Program

                                         Lawrence Livermore National Laboratory

 Outline
l
        Motivation
l
        Demo
l
        Conclusions

              The capability of bioinformatics tools to access data from

           several different gene and protein databases will be the top

                                                               industry challenge in 5 years.

                                                  Frost & Sullivan: US Bioinformatics in the Emerging Drug Discovery Marketplace 1998

In small proteins , do
disulfide bridges
play a direct role in
stabilization of active
sites ?

Need to find the  ss  of
all  disulfide bridges
within 3 AAs of
active sites  in  small
proteins.

 Current Environment

?

  l
          Sources are

             U
                       Distributed

             U
                       Autonomous

             U
                       Heterogeneous

             U
                       Conflicting

Current Environment

 l
         Data is

            U
                      Hard to find

            U
                      Hard to understand

            U
                      Hard to reconcile

            U
                      Hard to analyze

    Scientists waste time

          and energy doing

        data management.

SCoP

SWISS-PROT

PDB

User tasks

Parse
input

Map
similar
concepts

Transform
data format

Access
the data

                                                                                                     User

                                                                                           applications

Need to find the  ss  of
all  disulfide bridges
within 3 AAs of
active sites  in  small
proteins.

What is our ideal environment?

Businesses use data

                warehouses

  to accomplish this.

SCoP

SWISS-PROT

PDB

                                                                                                                I need to find the...

Parse
input

Map
similar
concepts

Transform
data format

Access
the data

                                                                                                 User

                                                                                       applications

                                                                                              User task

                                                                                                                Now that I have the

                                                                                                                data I need, I can�.

           A single  location that provides effective  access to a

              consistent  view of data from many  sources through

                                                     an intuitive  and  useful  interface.

Data warehouses

                                                                                       Wrapper

                                                  Mediator

            Wrapper

                                                       Data

                                              Warehouse

                                  Swiss

                                    Prot dbEST

                                                                      SCoP

  PDB

A data warehouse is a
repository that
provides a single
access point to a
collection of data
obtained from a set of
distributed,
heterogeneous
sources.

Data warehouses

                                                                                       Wrapper

                                                  Mediator

            Wrapper

                                                       Data

                                              Warehouse

                                  Swiss

                                    Prot dbEST

                                                                      SCoP

  PDB

l
Interfaces

U
provide intuitive access to
the data

U
possibly change data format
to meet user expectations
l
Warehouse

U
stores a consistent view of
data in a local repository
l
Mediator

U
transform data from source
format to warehouse format
l
Wrappers

U
read data from source into
internal representation

 Data warehouses

Scientist´s

Data

Management

 Effort

                                                                                        Wrapper

                                                   Mediator

             Wrapper

                                                        Data

                                               Warehouse

                                   Swiss

                                     Prot dbEST

                                                                       SCoP

   PDB

 Warehouses are complex!

l
        Resolve semantic and syntactic conflicts.

l
        Define a global schema.

l
        Write:

            U
                      Wrappers.

            U
                      Mediators.

            U
                      Interfaces.

In business, warehouses:

¯  take 2yrs +

¯  cost $5 million +

These are expensive,
and time consuming
ventures.

 Warehouses don´t work in dynamic domains

When schemata are
modified,
or new sources are
added,

 wrappers and
mediators break.

                                                                                        Wrapper

                                                   Mediator

             Wrapper

                                   Swiss

                                     Prot
                                                                                                  dbEST

                                                                       SCoP

   PDB

                                                        Data

                                               Warehouse

 Scientific domains are highly dynamic

Changes in scientific warehouses occur because:

            Even though they work in business, existing data

                            warehousing technology is too expensive to

                       maintain in dynamic, scientific environments.

Data Warehouses

            l
                    Our understanding of the data is constantly

                    evolving.

            l
                    Constantly need more

                    information.

            l
                    Funding sources change.

Example 1

             Adding a new data source, from a new domain,

                                                       into an existing warehouse.

                          Users want access to the new data ASAP.

                 Warehouse (and mediator) grow in complexity!

                             How does the new data relate to what has

                                                                already been integrated?

                   well-defined semantics & structured mediator

Example 2

              Building a warehouse combining data from 50

                        sources, each of which changes once a year.

                   On average, that is one change EVERY week .

                  What happens if it takes longer than a week to

                                                                   update the warehouse?

                           The warehouse is immediately out of date!

                                   time to update < time between changes

 Other approaches for accessing data
l
        Multi-database
l
        Federated database
l
        Warehouse integrating only high level concepts

 Other approaches for accessing data

                                                                           Federated database

                                                                       High-level warehouse

                                                                                    Multi-database

 Nothing seems to work!

                                                                                           Solution:

Reduce the cost of building and maintaining the data

                                                                                       warehouse.

         Data warehouses meet 4/5 of these requirements.

            A single  location that provides effective  access to a

                           consistent  view of data from many  (dynamic)

                   sources through an intuitive  and  useful  interface.

Key Insights

          API
Extensive use of
meta-data can
dramatically reduce
maintenance costs.

                                                                                                                        Need a comprehensive

                                                                                                                        approach to managing
change.

                                                                                        Wrapper

                                                   Mediator

             Wrapper

                                                        Data

                                               Warehouse

                                   Swiss

                                     Prot dbEST

                                                                       SCoP

   PDB

 Results

    Activity/ integration style   manual     meta-data   diff % diff

    understanding SCOP      2.0            2.0    0.0         0

    writing wrapper      4.5            2.5    2.0       44%

    modifying schema      0.5            0.5    0.0         0

    writing mediator      4.0            0.0    4.0        ---

    modifying meta-data      0.0            1.0   (1.0)      ---

    total time in days     11.0            6.0    5.0       45%

                 Integrating SCoP into warehouse that already

                                           contains PDB and SWISS-PROT.

  DataFoundry Prototype
l
         3 data sources

            U
                      PDB, SWISS-PROT, SCoP
l
        7Gb Sybase database

            U
                      13k structures

            U
                      13k taxonomy mappings

            U
                      88k sequences

            U
                      100k+ authors

            U
                      220k structural classifications

            U
                      48MM atoms
l
        Novice, intermediate and expert interfaces

On average, that is one change EVERY week.

19

20

21

DataFoundry Prototype

                                               Need to find the  ss

                                                      of all  disulfide

                                                   bridges  within 3

                                           AAs of  active sites  in

                                                     small proteins.

700 entries

942 entries with active

            sites and bonds

392 direct correspondences

               with PDB residues

26

Conclusions

                 We are successfully addressing this challenge.

                Data warehouses could provide a fast, reliable,

              consistent view of data from multiple sources, if

      their maintenance costs were substantially reduced.

                       Work performed under the auspices of the U.S. DOE by

                                           LLNL under contract No. W-7405-ENG-48